Objectives: Cigar use in the United States is a growing public health concern because of its increasing popularity. We estimated health care utilization and expenditures attributable to cigar smoking among US adults aged 35. Methods: We analyzed data on 84 178 adults using the 2000, 2005, 2010, and 2015 National Health Interview Surveys. We estimated zero-inflated Poisson (ZIP) regression models on hospital nights, emergency department (ED) visits, physician visits, and home-care visits as a function of tobacco use status-current sole cigar smokers (ie, smoke cigars only), current poly cigar smokers (smoke cigars and smoke cigarettes or use smokeless tobacco), former sole cigar smokers (used to smoke cigars only), former poly cigar smokers (used to smoke cigars and smoke cigarettes or use smokeless tobacco), other tobacco users (ever smoked cigarettes and used smokeless tobacco but not cigars), and never tobacco users (never smoked cigars, smoked cigarettes, or used smokeless tobacco)-and other covariates. We calculated health care utilization attributable to current and former sole cigar smoking based on the estimated ZIP models, and then we calculated total health care expenditures attributable to cigar smoking.
1
Since 1990, the tobacco industry has targeted cigars to a younger population so that cigar smoking is no longer a behavior of only older men; it has become popular among young people. 2 In 2014, 8.2% of US high school students indicated smoking cigars at least 1 day in the past 30 days. 3 During 2013-2014, 8 .4% of young adults aged 18-24 indicated smoking cigars in the past 30 days, whereas 4.9% of US adults were current cigar smokers. 4 In 2013, an estimated 12.4 million people in the United States aged 12 (5.2%) were current cigar smokers. 5 With its increasing popularity, especially among young people, cigar smoking is a growing public health concern.
Cigars differ from cigarettes in that cigars are wrapped in a tobacco leaf or in a substance that contains tobacco, whereas cigarettes are wrapped in paper. 6, 7 Therefore, cigar smoke contains toxic constituents from both the tobacco and the wrapper, including higher levels of tobacco-specific nitrosamines, carbon monoxide, and nitrogen oxide than contained in cigarette smoke. 7 Cigar smoking is causally associated with cancers of the lung and oral cavity, oropharynx, hypopharynx, larynx and esophagus, pancreas, stomach, and bladder. [8] [9] [10] The health risk associated with cigar smoke increases with the dose and level of inhalation. Even without inhalation, cigar smoking is associated with an elevated risk of death from cancers of the oral cavity, larynx, and esophagus. 10 Furthermore, more than 50% of current cigar smokers are poly tobacco smokers (ie, use multiple tobacco products, including cigars) 11 ; as such, they may be exposed to greater health risks than those who smoke only cigars.
Given the increasing popularity of cigar smoking, it is important to have a comprehensive estimate of the healthrelated economic costs of cigar smoking. A study of cigarattributable mortality estimated that cigar smoking resulted in 9000 premature deaths, 140 000 years of life lost, and $23 billion in lost productivity among US adults aged 35 in 2010. 12 To date, however, no study has estimated health care expenditures attributable to cigar smoking in the United States. We aimed to fill this gap by estimating health care utilization and expenditures attributable to cigar smoking among US adults. We focused the study on US adults aged 35 because the cumulative impact of smoking on health leads to a greater likelihood of health care utilization attributable to cigar smoking among adults aged 35 than among younger people. 13 
Methods

Data Sources
National Health Interview Survey (NHIS). The NHIS is a nationally representative, cross-sectional, face-to-face household interview survey of the civilian, noninstitutionalized population.
14, 15 The NHIS contains data on sociodemographic characteristics, cigarette smoking status, health insurance coverage, and health care utilization. Since 1987, a Cancer Control Supplement has been conducted periodically to collect data on other tobacco product use. Although the survey has collected data on the use of smokeless tobacco and combustible tobacco (eg, cigars, pipes, and hookahs combined) since 2012, data on cigar use are collected only in the Cancer Control Supplements. We pooled data from the 4 most recent waves of Cancer Control Supplements (2000, 2005, 2010, and 2015 ) to obtain a large enough sample to analyze health care utilization attributable to cigar smoking.
Medical Expenditures Panel Survey (MEPS).
The MEPS is a nationally representative, face-to-face household interview survey of the US civilian, noninstitutionalized population. It includes detailed questions about health care utilization and expenditures, and its data can be linked to data from the NHIS. However, only about one-sixth of the respondents aged 18 in the NHIS Cancer Control Supplement are included in the MEPS. Therefore, the sample size of cigar smokers from the linked MEPS-NHIS data is too small to allow study of health care utilization. We used the 2014 MEPS data 16 to calculate the unit costs per hospital night, emergency department (ED) visit, physician visit, and homecare visit among all respondents aged 35.
Outcome Variables
We obtained data on the number of nights spent in the hospital in the past 12 months by asking, "Altogether, how many nights were you in the hospital during the past 12 months?" We obtained data on the number of ED visits in the past 12 months by asking, "During the past 12 months, how many times have you gone to a hospital emergency room about your own health?" We obtained data on the number of physician visits in the past 2 weeks by asking, "How many times did you visit a doctor or other health care professional?" among those who answered "yes" to the question, "Did you visit a doctor or other health care professional in an office, clinic, ED, or some other place during the past 2 weeks?" We obtained data on home-care visits during the past 2 weeks by asking, "How many home visits did you receive during the last 2 weeks?"
Covariates
Tobacco use status. We included 3 tobacco productscigarettes, cigars, and smokeless tobacco-in our study. Based on self-reported tobacco use, we classified all adults into 6 groups:
1. Current sole cigar smokers: those who had smoked at least 50 cigars and currently smoked cigars but had never smoked 100 cigarettes or never used smokeless tobacco 20 times 2. Current poly cigar smokers: those who had smoked at least 50 cigars, currently smoked cigars, and had ever smoked 100 cigarettes or used smokeless tobacco 20 times 3. Former sole cigar smokers: those who had smoked at least 50 cigars, now did not smoke cigars at all, and had never smoked 100 cigarettes or used smokeless tobacco 20 times 4. Former poly cigar smokers: those who had smoked at least 50 cigars and now did not smoke cigars at all and had ever smoked 100 cigarettes or used smokeless tobacco 20 times 5. Other tobacco users: those who had ever smoked 100 cigarettes (current and former) and/or ever used smokeless tobacco (including chewing tobacco and snuff) 20 times (current and former) but were not classified into any of the first 4 groups 6. Never tobacco users: those who had never used any tobacco products in their lifetime (ie, never smoked 100 cigarettes, never smoked 50 cigars, and never used smokeless tobacco 20 times)
Sole cigar smokers included current and former sole cigar smokers, and poly cigar smokers included current and former poly cigar smokers. , and unknown), marital status (married, separated/ divorced/widowed, never married, and living with a partner), and region of residency (Northeast, Midwest, South, and West). We categorized poverty status by the ratio of family income to the FPL after considering family size. 17, 18 We included the 16% of adults whose incomes were unknown because we were concerned that data on income might not be missing at random.
Other covariates included survey year, binge drinking status, body mass index (BMI), and health insurance coverage. We considered binge drinkers to be those who answered 1 or more days to the question: "In the past year, on how many days did you have 5 or more drinks of any alcoholic beverage?" We categorized BMI as underweight (BMI <18.5 kg/m 2 ), normal (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25.0-29.9 kg/m 2 ), and obese (BMI 30.0 kg/ m 2 ). We determined health insurance coverage by using the proportion of months uninsured, which equaled the number of months without any health insurance coverage in the past 12 months divided by 12.
Econometric Models of Health Care Utilization
All 4 health care utilization measures contained many responses of "zero" and had a positively skewed distribution to the right. We explored several models that addressed these distributional characteristics, including Poisson, negative binomial, 2-part model, zero-inflated negative binomial, and zero-inflated Poisson (ZIP) regression models. We chose the ZIP model based on goodness of fit (the log-likelihood and Akaike and Schwarz information criteria) and root-mean square error criteria. The ZIP model takes into account 2 types of zeros 19 : sure zeros (those who always choose not to use health care services even if they are ill) and regular zeros (those who do not use health care services because they are not ill or injured). Therefore, the model is represented by 2 processes: the first process generates sure zeros, and the second process generates regular zeros and positive counts by a Poisson distribution. We used a logit model for the first process and a Poisson model for the second process. For each outcome of health care utilization, we estimated a ZIP model that was specified as a function of tobacco use status (with never tobacco users as the reference group) and all other covariates. To facilitate interpretation, we tabulated adjusted odds ratios (aORs) in the logit regression model and exponentiated the coefficients in the Poisson regression model.
Estimate of Health Care Expenditures Attributable to Cigar Smoking
Given a high proportion of cigar smokers who concurrently smoked cigarettes and/or used other tobacco products, 11, 20 we separated out the impact of cigarette smoking and other tobacco use on the health care utilization and expenditures among cigar smokers, using an approach similar to the one used by Nonnemaker et al. 12 First, we estimated health care utilization attributable to sole cigar smoking using an "excess utilization" approach as follows. Based on the estimated coefficients from the ZIP model, we calculated 2 sets of predicted health care utilization for both current and former sole cigar smokers in the study sample: the factual and the counterfactual case. We derived the predicted value for the factual case by using the actual values of all covariates in the estimated ZIP model (including both logit and Poisson parts). We derived the predicted value for the counterfactual case for hypothetical "never tobacco-using sole cigar smokers (current and former)" who had the same characteristics as the sole cigar smokers except that they were assumed to be never tobacco users. The difference between the factual and counterfactual predictions was the excess health care utilization attributable to sole cigar smoking. For physician visits and home-care visits (2-week measurements), we multiplied the attributable health care utilization estimate by 26 to derive the annual values. 21 Second, for each health care utilization measure, we determined health care expenditures attributable to sole cigar smoking by multiplying the excess health care utilization attributable to sole cigar smoking by the unit cost for adults aged 35 from the 2014 MEPS data ($2817 per hospital night, $1099 per ED visit, $201 per physician visit, and $107 per home-care visit). We then divided this number by 4 to derive the mean annual health care expenditures attributable to sole cigar smoking. Finally, we applied the health care expenditures attributable to sole cigar smokers to the number of poly cigar smokers to derive health care expenditures attributable to poly cigar smokers. The sum of health care expenditures attributable to sole cigar smoking and poly cigar smoking yielded the total health care expenditures attributable to cigar smoking.
Study Sample
The pooled 2000, 2005, 2010 , and 2015 NHIS data contained 89 638 adults aged 35. After excluding 5460 respondents (6.1%) who had missing data on tobacco use status and measures of health care utilization, 84 178 adults remained for the distribution analyses of the study sample and the estimation of mean health care utilization. After further excluding those with missing data on education, marital status, binge drinking, BMI, and the proportion of months uninsured, the final study sample for the ZIP model analyses was 79 973. We used survey data analysis procedures in this study because of the complex multistage sample design. We conducted the analyses by incorporating the appropriate sampling weights to account for selection probabilities from the sampling design and to adjust for survey nonresponse. We conducted the analyses by using SAS/STAT version 9.4 22 with PROC SURVEYFREQ and PROC SURVEY-MEANS for statistical calculation. We conducted ZIP model analysis by using STATA version 14.0. 23 We considered 2-tailed P < .05 to be significant.
Results
Of 84 178 adults interviewed in the NHIS during 2000-2015, a total of 59 694 (75.2%) were aged 35-64, 36 547 (47.3%) were male, 9938 (13.4%) were binge drinkers, 53 443 (64.1%) were overweight or obese, and 28 411 (32.3%) did not have health insurance (Table 1) . By smoking status, 409 (0.6%) were current sole cigar smokers, 1340 (1.7%) were current poly cigar smokers, 527 (0.7%) were former sole cigar smokers, 3768 (4.8%) were former poly cigar smokers, and 43 620 (51.7%) were never tobacco users. Of the 1340 current poly cigar smokers, 569 (38.7%) were current dual Current sole cigar smokers were those who had smoked at least 50 cigars and currently smoked cigars but had never smoked 100 cigarettes or never used smokeless tobacco 20 times. Current poly cigar smokers were those who had smoked at least 50 cigars, currently smoked cigars, and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Former sole cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had never smoked 100 cigarettes or had never used smokeless tobacco 20 times. Former poly cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Other tobacco users were respondents who had ever smoked 100 cigarettes (current and former) and/or ever used smokeless tobacco (including chewing tobacco and snuff) 20 times (current and former) but were not classified into any of the first 4 groups. Never tobacco users were those who had never used any tobacco products in their lifetime (ie, never smoked 100 cigarettes, never smoked 50 cigars, and never used smokeless tobacco 20 times). smokers of cigars and cigarettes; of the 3768 former poly cigar smokers, 1782 (47.0%) were former dual smokers of cigars and cigarettes.
Mean Health Care Utilization
Among current sole cigar smokers in the sample, 5.4% spent at least 1 night in the hospital and 14.4% had at least 1 ED visit in the past 12 months; 19.1% had at least 1 physician visit and 2.2% had at least 1 home-care visit in the past 2 weeks (Table 2) . Among former sole cigar smokers, 15.4% spent at least 1 night in the hospital and 23.5% had at least 1 ED visit in the past 12 months; 23.0% had at least 1 physician visit and 1.3% had at least 1 home-care visit in the past 2 weeks. Among those who used health care, the mean numbers of hospital nights, ED visits, physician visits, and homecare visits were 5.6, 1.6, 1.3, and 4.3 for current sole cigar smokers and 10.1, 1.6, 1.4, and 6.5 for former sole cigar smokers, respectively.
Impact of Cigar Smoking on Health Care Utilization
In the logit model, compared with never tobacco users, current sole cigar smokers were more likely to choose to have home-care visits (aOR ¼ 0.26) whenever needed, whereas former sole cigar smokers were more likely to choose to be hospitalized (aOR ¼ 0.49) and go to the ED (aOR ¼ 0.54) whenever needed. The Poisson model results showed that neither current nor former sole cigar smokers were significantly different from never tobacco users in their utilization of any of the 4 health care services.
Health Care Expenditures Attributable to Cigar Smoking
Sole cigar smoking attributed to 72 137 excess nights in the hospital, 32 748 excess ED visits, and 420 118 excess homecare visits (Table 4 ). The total annual health care expenditures attributable to sole cigar smoking in 2014 dollars were $203 million for hospitalizations, $36 million for ED visits, and $45 million for home-care visits, totaling about $284 million. Given the mean number of sole cigar smokers during the study period (n ¼ 454 666), the annual health care expenditure attributable to sole cigar smoking per sole cigar smoker was $625. Applying this attributable expenditure per sole cigar smoker to the poly cigar smokers (n ¼ 2 351 338), we estimated that the annual health care expenditure attributable to poly cigar smoking was $1.5 billion. The total health care expenditure attributable to cigar smoking for both sole cigar smokers and poly cigar smokers was $1.8 billion annually. Current sole cigar smokers were those who had smoked at least 50 cigars and currently smoked cigars but had never smoked 100 cigarettes or never used smokeless tobacco 20 times. Current poly cigar smokers were those who had smoked at least 50 cigars, currently smoked cigars, and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Former sole cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had never smoked 100 cigarettes or had never used smokeless tobacco 20 times. Former poly cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Other tobacco users were respondents who had ever smoked 100 cigarettes (current and former) and/or ever used smokeless tobacco (including chewing tobacco and snuff) 20 times (current and former) but were not classified into any of the first 4 groups. Never tobacco users were those who had never used any tobacco products in their lifetime (ie, never smoked 100 cigarettes, never smoked 50 cigars, and never used smokeless tobacco 20 times).
c All numbers were estimated from the weighted analysis. The ZIP model is represented by 2 processes. The logit model was used for the first process, which captured sure zeros (those who always choose not to use health care services even if they are ill), and the Poisson model was used for the second process, which generated regular zeros (those who do not use health care services because they are not ill or injured) and positive counts.
b
All models controlled for sex, age, race/ethnicity, education, poverty status, marital status, region, binge drinking, body mass index, and proportion of months uninsured. P < .05 was considered significant. c Data source: National Health Interview Survey.
14,15 d
Current sole cigar smokers were those who had smoked at least 50 cigars and currently smoked cigars but had never smoked 100 cigarettes or never used smokeless tobacco 20 times. Current poly cigar smokers were those who had smoked at least 50 cigars, currently smoked cigars, and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Former sole cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had never smoked 100 cigarettes or had never used smokeless tobacco 20 times. Former poly cigar smokers were those who had smoked at least 50 cigars and now did not smoke cigars at all and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. Other tobacco users were respondents who had ever smoked 100 cigarettes (current and former) and/or ever used smokeless tobacco (including chewing tobacco and snuff) 20 times (current and former) but were not classified into any of the first 4 groups. Never tobacco users were those who had never used any tobacco products in their lifetime (ie, never smoked 100 cigarettes, never smoked 50 cigars, and never used smokeless tobacco 20 times).
e
The dependent variable in logit regression is having the health care service or not.
f
The dependent variable in Poisson regression is the number of health care services respondents had.
g Using a 2-tailed test, with P < .05 considered significant.
Discussion
This study is the first to assess the expenditures of using health care services attributable to cigar smoking in the United States. We estimated that cigar-attributable health care expenditures for 4 health care services amounted to $1.8 billion per year, including $284 million attributed to sole cigar smoking and $1.5 billion attributed to poly cigar smoking. And because of higher rates of cigar smoking among males and non-Hispanic black people, 24 those health care expenditures are likely to be disproportionately borne by those groups. A previous study estimated that the value of lost productivity due to premature death attributable to cigar smoking in the United States totaled $23 billion. 12 Our findings provide another component of the economic costs of cigar smoking. Both studies indicate that the economic burden of cigar smoking is substantial. Therefore, cigar smoking is an important public health issue that not only affects the health and well-being of millions of Americans, but also results in substantial health care expenditures.
Cigar smoke contains higher levels of harmful constituents, including nicotine-derived nitrosamine ketone (also known as 4-[methylnitrosamino]-1-[3-pyridyl]-1-butanone), carbon monoxide, tobacco-specific nitrosamines, ammonia, and tar, than does cigarette smoke. 7 In addition, cigar smoking is associated with a high risk of lung, oral, and pancreatic cancers. 7, 25 Cigar smokers also have a higher risk for chronic obstructive pulmonary disease 26 and higher mortality from chronic obstructive pulmonary disease than do nonsmokers. 27 Those health risks would result in the use of health care services and expenditures. One study found that lung cancer patients visited the ED for cancer-related and cancerunrelated reasons more often than did patients with other types of cancer. 28 Our study found that these health outcomes resulted in excess health care expenditures attributable to cigar smoking.
Future research could use our ZIP model to compare the health care utilization and expenditures of various cigar smoking groups with more detailed breakdowns of cigar smoking status. For example, the model could be used to compare health care utilization attributable to dual use of cigarettes and cigars with multiple use of cigars and other tobacco products.
Given the increasing popularity of cigar smoking among young people and young adults, we expect health care expenditures attributable to cigar smoking to increase. The US Food and Drug Administration asserted jurisdiction over cigars in 2016, 29 but the new ruling did not regulate flavors and package size of cigars. Previous studies have shown that flavors 2, 6, [30] [31] [32] and small package sizes 32, 33 contribute to the popularity of cigars among young people. Therefore, to reduce cigar smoking and the associated excess health care costs, tobacco control policies and interventions should focus on preventing people from initiating cigar smoking by banning cigar flavors and prohibiting small packaging to make cigars less appealing to young people. Sole cigar smokers were those who had smoked at least 50 cigars but had never smoked 100 cigarettes or never used smokeless tobacco 20 times. Poly cigar smokers were those who had smoked at least 50 cigars and had ever smoked 100 cigarettes or used smokeless tobacco 20 times. 
Limitations
Our estimates were subject to several limitations. First, because of data restrictions, we were not able to account for health services such as nursing home care, medications, or dental care. Second, our study included established cigar smokers who had smoked 50 cigars and did not include health care expenditures for experimental cigar smokers. However, these costs are likely to be relatively small compared with those of established cigar smokers. Third, the data did not allow us to differentiate among the use of large cigars, cigarillos, and little cigars. Cigar smoking patterns differ by products, but we were unable to account for this variation in our models. Fourth, because of data limitations, our categories of tobacco use did not include e-cigarettes or emerging products. As a result, never tobacco users in our study might also use a tobacco product not included in this study, leading to an underestimation of health care utilization attributable to cigar smoking. Fifth, because of the wording of the NHIS question about physician visits, some ED visits may have been counted as physician visits. Finally, selfreported health care utilization may be subject to recall bias and could be underreported. 34 
Conclusion
Cigar smoking-attributable health care utilization and expenditures are substantial and are expected to increase because of the increasing popularity of cigar smoking among young people. Tobacco control policies should focus on preventing people from initiating cigar use, banning flavored cigars, and prohibiting small package sizes.
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